Contents

1. INTRODUCTION TO INVERSE PROBLEMS 1
11  What Are Inverse Problems?. ... 1
1.2 Archimedes’ Bath......ccooiiiiiii e 4
1.3 Tartaghia’S W @ger....ccveieee et 7
14 TWO B OGIES i 9
15  ANOther W 0rld ..o 10
1.6 The FountainS of D iJO N cooviiiciiie e 12
A N a1 U ] RV ] SRR 13
18  GOtthe TIMEZ s 15
1.9  The Underworld. ... 17
110 Head GamiBS . ettt 19
1.11  Why Teach Inverse Problems? ..o 21
1.12 Notes and Suggestions for Further Reading ........cccccoeiiiinnnnns 22



vili

2.

INVERSE PROBLEMS

INVERSE PROBLEMS IN PRECALCULUS 25
2.1 A Little SQUITT. .o 25
211 INtrodUCTION ..o 26
2.1.2  ACHIVITIES  ooiveeciecee e 27
2.1.3 Notes and Further Reading.....ccccooeeviveviiieiieiniieniene 28
2.2 A ChEap SOt 28
2.2.1  INtroOdUCTION . ..ot 29
2.2.2 A CTIVITIES oot 30
2.2.3 Notes and Further Reading.....cccccooeevveiiiieiincie e 33
2.3 das Rheingold.....cciiiii e 33
2.3. 1 INTroOdUCTION ..ciiiici e 34
2.3.2  ACHIVITIES oo 36
2.3.3 Notes and Further Reading......ccocevvveveiienivnie e, 39
2.4 SPlish SPlasSh o 39
241 INTrodUCTION ooeiiieciee e s 39
2.4.2  ACHVITIES oo 40
2.4.3 Notes and Further Reading......ccccoovvviineninenineneen 41
2.5 SNOOKETEA. ..ot 41
251  INtrodUCTION ..ciiiiiiie e 42
2.5.2  ACHVITIES oo 43
2.5.3 Notes and Further Reading.......ccoceovvvriiiiiienencicncnnns 44
2.6 G0ethe’s GONAONEIS. ... 44
2.6.1  INtrodUCTION ....ociiiiiie e 45
2.6.2  ACHIVITIES  ooieeiieie e 46
2.6.3 Notes and Further Reading....c.ccccevvrereninencnicninienen, 48
INVERSE PROBLEMS IN CALCULUS 51
3.1 Strange Salami ..o . 52
311 INtrodUCtION. .o . 52
312 ACHIVITIES oo . 54
3.1.3 Notes and Further Reading......ccccoceevvevieieivecsinennenn, . 59
3.2 Shape U Pl 59

3.2 1 INTrOAUCTION e eee e eees . 60



CONTENTS |
3.2.2 A CHIVITIES oot 64
3.2.3 Notes and Further Reading........ccoevevviieiieevnciciieceee 66
3.3  What Goes Around Comes Around  ......cccoeevevenieninneeie e 67
331 INtroduCtiON....ccviiiccece e 67
3.3.2  ACHIVITIES oot 73
3.3.3 Notes and Further Reading......cccoeevvvevieiieciie e, 76
3.4 HaNGING O Ut e 78
341 INtrodUCHION oo 78
342 ACTIVITIES oo 80
3.4.3 Notes and Further Reading ......cccoceevievieiieiiie e 83
35 TWOWIill GEt YOU T NTEE i 84
351 INtrodUCHION . .ccciiiii e 85
3.5.2 A CTIVITIES it 86
3.5.3 Notes and Further Reading.......ccccoceviviiiiiiiiininiincvienn, 87
3.6  Uncommonly INteresting......cccccvevieeiieiiieciicse e 87
3.6.1  INtrOdUCTION c.eoii e 87
3.6.2  ACLIVITIES  weoeiiiiiie e 89
3.6.3 Notes and FurtherReading......c.ccooevervniiiieninicicee, 90
4. INVERSE PROBLEMS IN DIFFERENTIAL EQUATIONS 91
4.1  Stirred, NOt ShaKeN ...cooiieiic e 92
411 INtrodUCHION ...ecicc e 92
4.1.2 A CHIVITIES ot 93
4.1.3 Notes and FurtherReading .....ccccceeeevvriervniniieeseeinseen 96
4.2 SHpP SHAING AWAY ..o 96
4.2.1  INtrodUCTION ..o 97
4.2.2 A CTIVITIES ot 99
4.2.3 Notes and FurtherReading .......cccooeveirninninnneeiesenn 102
e N | 83 N D I - U SRR 102
4.3.1  INtrodUCTION .cciiiieicee e 102
4.3.2 A CTIVITIES oot 107
4.3.3 Notes and Further Reading .....cccceeiiviiinineniniceen, 1
4.4 UPS aNd D OW NS ..ot 111

441 INEFOUCTION cooiee e, 11



442 ActivitieS......e.
4.4.3 Notes and Further Reading

45 AHOtTIME e,
451 Introduction........cccceeeenee.
452 AcCtiVitieS....veienn,
4.5.3 Notes and Further Reading

4.6 Weird W eirS..cceeeeeeeeeeeeeae,
4.6.1 Introduction........cccoc.......
4.6.2 ACtIVItIES..ocooiieiieiieenn,
4.6.3 Notes and Further Reading

INVERSE PROBLEMS IN LINEAR ALGEBRA

2.1 Cause and Identity......................
5.1.1 Introduction..................
51.2 AcCtiVitieS...cveernne.
5.1.3 Notes and Further Reading

92  L’ARTPOUr L A fteccceeeeeene,
52.1 Introduction........ccc..c......
522 Activities....cooeeviveinnnen.
5.2.3 Notes and Further Reading

5.3 Nonpolitical P u 1l ..ccocvvererrerrennes
5.3.1 Introduction.......c.ccccuennn.
532 ACtiVItieS .,
5.3.3 Notes and Further Reading

5.4 A Whole Lotta Shakin’ Coin’ On .
54.1 Introduction........cccecue.ee.
54.2 ActivitieS....ccovevievinnenn
5.4.3 Notes and Further Reading

9.5  Globs and Globs.......cccccceveueeeneee,
55.1 Introduction.......ccce.......
55.2 ActivitieS....covveveennnn,
5.5.3 Notes and Further Reading

INVERSE PROBLEMS

114
117

117
118
121
126

126
127
129
130

134
134
138
142

142
142
146
148

149
149
153
155

156
156
160
163

163
164
166
168



CONTENTS X
5.6 TIP T O P toieiiiieiie ettt 168
5.6.1  INtrodUCTION..cccciiieiiee e 168
5.6.2 A CTIVITIES oo 174
5.6.3 Notes and Further Reading......ccccooovveniiineninnnnnnnn 176
APPENDIX A: SELECTED ANSWERS & ADVICE 177
A.l Inverse Problems in Precalculus ..., 177
ALl ALIE SQUITT.c e 177
Al2 ACheap SOt e 178
Al3 dasRheingold.....cccoiiiiiiic e 179
A 14 Splish Splash ., 181
A L5 SNOOKEIed....ooooiieiiiiceeee s 182
A.16 Goethe’s GoNdoliers......ccooeieiiniiiiinie e, 182
A.2 Inverse Problems in CalCulusS.....cccocviviiieiiiiieiieccse e 183
A2.1 Strange Salami ... 183
A2.2 Shape U Pl 185
A.2.3 What Goes Around Comes Around.......ccccceevevreereennenne 186
A24 HaNQING O Ui 188
A25 TwoWillGet YOUT hree . 189
A.2.6 Uncommonly INteresting.......ccccoovoevenineniniinienieeenns 189
A.3 Inverse Problems in Differential EQUationsS.........ccccocevvniiennene 189
A.3.1 Stirred, NOot ShaKen....cooceieeviiiieicie e, 189
A.3.2 SHP SHAING AWAY c.ooiiiiieiieeceese e 190
A33 TS AD rag i 192
A.3.4 Upsand DOWNS...cccociieieeececce e 192
A35 AHOITIM € s 193
A3.6 WEITA W RIS i 193
A.4 Inverse Problems in Linear Algebra .......cccooovivnininicicnn, 193
A.4.1 Cause and 1dentity.....cccccovveieiieiieece e 193
A42 L’ART POUI L A M 194
A.4.3 Nonpolitical P u 1. 195
A.4.4 A Whole Lotta Shakin’ Coin” O n....ccccevveiiniiciece, 195
A.45 Globs and GloDS....ccoeiiiiiiiic 196
ALB TIPT O P i 196



X INVERSE PROBLEMS

APPENDIX B: MATLAB SCRIPTS 197
Bl MATLAB SCIIPTS it 197

B.2  CONTENTS i s 197

B.3  CalCulus SCIiPtS .o 198
B.3.1 MOAUIE 3.1 oo 198

B.3.2 MOUUIE 3 .2 oo 199

B.3.3 MOAUIE 3.3 o 201

B.3.4 MOAUIE 3.6 ..oeiieee 202

B.4 Differential EQUation SCriPtS. ... 203
B.4.1l Module 4.3 203

B.4.2 ModUle 4.4 oo, 207

B.4.3 ModUle 4.5 o 209

B.4.4 ModUle 4.6 ...oooooieeeeee e 211

B.5 Linear Algebra SCriptS ...cccovvieie i 212
B.5.1 ModUle 5.2 oo 212

B.5.2 M0odUIE 5.3 i e 215

B.5.3 Module 5.5 i, 216
BIBLOGRAPHY 217
INDEX 219



